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SPECIFICATION 



TITLE 
"ACOUSTIC APPARATUS" 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to acoustic apparatus, 
and more particularly, to an apparatus for providing an audio signal 
with predetermined signal processing to be supplied to a speaker so that 
reproduced sound based on the audio signal is obtained from the speaker 
functioning as a sound source. 

Description of the Prior Art 

There have been proposed various kinds of acoustic apparatus 
operative to reproduce sound based on an audio signal. When reproduced 
sound representing music, speech or the like is obtained by one or more 
of the acoustic apparatus to be heard by a listener, it is generally 
desired that a sound source generating the reproduced sound is 
positioned in front of the listener. This is easily understood in view 
of the ordinary fact that a listener tends naturally to take his or her 
position to face a sound source in a limited sound field, such as a 
space in a hall or the like, if it is unnecessary for the listener to 
move with the intention of some particular purpose or to be 
particularly restricted in position or direction of his or her face in 
the limited sound field. 

Accordingly, for example, in the case where sound reproduced by 
a speaker or plural speakers which are supplied with audio signals is 
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appreciated, such a layout that listeners are positioned to face the 
speaker functioning as a sound source or a main one of the plural 
speakers is established. With the layout thus established, each of the 
listeners can be mentally composed and stabilized. 

Further, it is also desired that the sound source generating the 
reproduced sound is positioned at a listener's eye level in height. 
That is, in a positional relation in height between the sound source and 
the listener, the sound source positioned at listener's eye level 
contributes to causing the listener to be mentally composed and 
stabi 1 ized. 

Under the situation mentioned above, when reproduced sound is 
obtained from a speaker or plural speakers provided for one or more 
acoustic apparatus to be heard by a listener, a condition wherein the 
listener is restricted in position, direction of his or her face, 
posture and so on is often brought about. In such a case, the listener 
is compelled to be put in a condition wherein the speaker functioning as 
a sound source is not positioned in front of the listener or is 
positioned at a level in height apparently different from a listener's 
eye level. 

For example, in the case where sound reproduced by an acoustic 
apparatus employed in a vehicle (hereinafter, referred to an acoustic 
apparatus for vehicles) is enjoyed in a cabin of the vehicle, a 
listener, namely, a driver or other passenger of the vehicle who keeps 
usually his or her posture to sit down on a seat in the cabin is 
basically restricted in position, direction of his or her face, posture 
and so on to listen to the reproduced sound even though the seat is 
adjustable to some degree in its position and direction. In such a 
case, since the vehicle is usually furnished with various kinds of 
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equipments each occupying a space limited at maximum in the cabin, a 
main portion of the acoustic apparatus for vehicles is often provided 
on a dashboard or a console shelf forming a front end portion of the 
cabin and speakers connected electrically with the main portion of the 
acoustic apparatus for vehicles are provided, for example, in lower 
portions of left and right doors attached to left and right side 
portions of a body of the vehicle, respectively. 

The speakers thus provided in the lower portions of the left and 
right doors, respectively, are positioned neither in front of the 
driver or other passenger nor at the eye level of the driver or other 
passenger. Therefore, the driver or other passenger is compelled to 
listen to the reproduced sound from the speakers each functioning as a 
sound source, each of which is positioned at the left ot right side or 
at the back of the driver or other passenger and at a level in height 
apparently different from the eye level of the driver or other passenger. 

There has been previously proposed an improved acoustic system 
with which one or more speakers function as actual sound sources for 
generating reproduced sound and a listener can listen to the reproduced 
sound as if the reproduced sound is obtained from a position different 
from the positions of the speakers, for example, in front of the 
listener, in other words, the listener can recognize a virtual sound 
source at the position different from the positions of the speakers, as 
shown in, for example, Japanese patent laid-open publication No. HEI 5- 
316599. It would be possible to solve the aforementioned problems 
relative to the acoustic apparatus for vehicles if such an improved 
acoustic system as described above could be favorably applied to the 
acoustic apparatus for vehicles. 

However, it is necessary to provide a circuit structure 



- 3 - 



containing a compensating filter, a filter characteristic of which must 
be selectable, for causing audio signals to be subjected to 
predetermined signal processing and then to be supplied to the speakers 
when the aforementioned proposal of the improved acoustic system is 
intended to be put into practice and the circuit structure which 
contains the compensating filter to be provided for putting the 
improved acoustic system into practice brings about enlargement in 
scale of the circuit structure and considerable increase in cost. 
Accordingly, it seems to be quite difficult to apply favorably the 
improved acoustic system proposed previously to the acoustic apparatus 
for vehicles. 

OBJECTS AND SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention to provide 
an acoustic apparatus for providing an audio signal with predetermined 
signal processing to be supplied to a speaker so that reproduced sound 
based on the audio signal is obtained from the speaker, which avoids 
the aforementioned problems and disadvantages encountered with the prior 
art. 

Another object of the present invention is to provide an 
acoustic apparatus for providing an audio signal with predetermined 
signal processing to be supplied to a speaker so that reproduced sound 
based on the audio signal is obtained from the speaker, which can cause 
a listener who intends to listen the reproduced sound to recognize a 
virtual sound source position in front of and at a level higher than an 
actual position of the speaker with a circuit structure simplified in 
construction and avoiding or restricting increase in cost. 

A further object of the present invention is to provide an 
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acoustic apparatus for providing an audio signal with predetermined 
signal processing to be supplied to a speaker so that reproduced sound 
based on the audio signal is obtained from the speaker, which can cause 
a listener who intends to listen the reproduced sound to recognize a 
virtual sound source position in front of and at a level higher than an 
actual position of the speaker with a circuit structure simplified in 
construction and avoiding or restricting increase in cost and therefore 
is suitable to be employed in a vehicle as an acoustic apparatus for 
vehi cles. 

According to the present invention, there is provided an 
acoustic apparatus comprising an attenuator portion for attenuating a 
first audio signal supplied thereto to produce a second audio signal, a 
low pass filter portion for reducing high frequency components of the 
second audio signal obtained from the attenuator portion to produce a 
third audio signal, a differential amplifier portion operative to 
produce a fourth audio signal corresponding to a difference between the 
first and third audio signals supplier thereto, and a speaker portion 
supplied with the fourth audio signal obtained from the differential 
amplifier portion, wherein a cutoff frequency of the low pass filter 
portion is selected to be not lower than 2kHz and not higher than 6kHz 
and attenuation of the first audio signal in the attenuator portion is 
so selected that a listener who intends to listen to reproduced sound 
obtained from the speaker portion is able to recognize a virtual sound 
source position in front of and at a level higher than an actual 
position of the speaker portion. 

In one embodiment of acoustic apparatus according to the present 
invention, the attenuator portion is provided for attenuating each of 
left and right channel signals forming a stereo audio signal and 
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supplied thereto as the first audio signal to produce the second audio 
signal containing the attenuated left and right channel signals, the 
low pass filter portion is provided for reducing high frequency 
components of each of the attenuated left and right channel signals 
contained in the second audio signal to produce the third audio signal 
containing the left and right channel signals each reduced in its high 
frequency components, the differential amplifier portion is provided to 
be operative to produce the fourth audio signal containing a left 
channel difference signal corresponding to a difference between the left 
channel signal contained in the first audio signal and the left channel 
signal reduced in its high frequency components and contained in the 
third audio signal and a right channel difference signal corresponding 
to a difference between the right channel signal contained in the first 
audio signal and the right channel signal reduced in its high frequency 
components and contained in the third audio signal, and the speaker 
portion is provided to include a left speaker supplied with the left 
channel difference signal contained in the fourth audio signal and a 
right speaker supplied with the right channel difference signal 
contained in the fourth audio signal. Then, in this embodiment of 
acoustic apparatus according to the present invention, attenuation of 
the left channel signal and attenuation of the right channel signal in 
the attenuator portion are so selected that the listener is able to 
recognize a virtual left sound source position in front of and at a 
level higher than an actual position of the left speaker and a virtual 
right sound source position in front of and at a level higher than an 
actual position of the right speaker. 

In the acoustic apparatus thus constituted in accordance with 
the present invention, the reproduced sound based on the first audio 
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signal is obtained from the speaker portion to which the fourth audio 
signal is supplied, and with the cutoff frequency of the low pass 
filter portion selected to be not lower than 2kHz and not higher than 
6kHz and the selected attenuation of the first audio signal in the 
attenuator portion, a condition in which the listener is able to 
recognize the virtual sound source position in front of and at the 
level higher than the actual position of the speaker portion is brought 
about- 
Such a condition that the listener is able to recognize the 
virtual sound source position in front of and at the level higher than 
the actual position of the speaker portion is obtained with a circuit 
structure which includes the attenuator portion for attenuating the 
first audio signal supplied thereto, the low pass filter portion for 
reducing high frequency components of the second audio signal obtained 
from the attenuator portion and the differential amplifier portion 
operative to produce the fourth audio signal corresponding to the 
difference between the first and third audio signals supplier thereto, 
in addition of the speaker portion supplied with the fourth audio 
signal. This circuit structure is relatively simplified in 
construction and able to avoid or restrict increase in cost. 

Accordingly, with the acoustic apparatus according to the 
present invention, when the first audio signal is provided with the 
predetermined signal processing and the fourth audio signal is produced 
to be supplied to the speaker portion so that the reproduced sound based 
on the first audio signal is obtained from the speaker, a condition in 
which the listener who intends to listen the reproduced sound obtained 
from the speaker portion is able to recognize the virtual sound source 
position in front of and at the level higher than the actual position of 



the speaker portion is brought about with the circuit structure 
simplified in construction and avoiding or restricting increase in cost. 
Consequently, the acoustic apparatus according to the present invention 
is suitable to be employed in a vehicle as an acoustic apparatus for 
vehi cles. 

Especially, in one embodiment of acoustic apparatus according to 
the present invention, the first audio signal is selected to be the 
stereo audio signal containing the left and right channel signals and 
the speaker portion is provided to include the left and right speakers, 
and therefore a condition in which the listener is able to recognize 
the virtual left sound source position in front of and at the level 
higher than the actual position of the left speaker and recognize also 
the virtual right sound source position in front of and at the level 
higher than the actual position of the right speaker is brought about 
with the circuit structure including the attenuator portion, the low 
pass filter portion and the differential amplifier portion, which is 
simplified in construction and able to avoid or restrict increase in 
cost. 

The above, and other objects, features and advantages of the 
present invention will become apparent from the following detailed 
description which is to be read in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic block diagram showing one embodiment of 
acoustic apparatus according to the present invention; 

Figs. 2 and 3 are schematic illustrations used for explaining 
positions od left and right speakers and positions of virtual left and 
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right sound sources in the embodiment shown in Fig. 1; 

Fig. 4 is a characteristic diagram used for explaining the 

embodiment shown in Fig. 1; 

Fig. 5 is a schematic illustration used for explaining the 

embodiment shown in Fig. 1; and 

Fig. 6 is an embodied circuit diagram showing a portion of the 
embodiment shown in Fig. 1, which includes a variable attenuator, a low 
pass filter and a differential amplifier. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention will now be described by way of example with 
reference to the accompanying drawings. 

Fig. 1 shows an embodiment of acoustic apparatus according to 
the present invention. 

Referring to Fig. 1, the embodiment shown in Fig. 1 constitutes 
an acoustic apparatus for vehicle which is operative to obtain 
reproduced sound based on a stereo audio signal containing left and 
right channel signals. Therefore, the embodiment shown in Fig. 1 is 
provided with an audio signal generator 11 for generating a stereo audio 
signal (a first audio signal) containing a left channel signal SL and a 
right channel signal SR, and a speaker portion including a left speaker 
12 for reproducing sound based on the left channel signal SL and a 
right speaker 13 for reproducing sound based on the right channel signal 
SR. 

The left and right speakers 12 and 13 are provided, for example, 
in lower portions of left and right doors 15 and 16 which are attached 
to a body 14 of a vehicle, respectively, as shown in Figs. 2 and 3. The 
left speaker 12 thus provided is positioned at the left side of a 
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driver 17 sit down on a driver's seat of the vehicle, who is a listener 
listening to the reproduced sound obtained from the left and right 
speakers 12 and 13, and at a level positively lower than the eye level 
of the driver 17. The right speaker 13 provided in such a manner as 
described above is positioned at the right side of the driver 17 sit 
down on the driver's seat of the vehicle and at a level positively 
lower than the eye level of the driver 17, 

The left channel signal SL obtained from the audio signal 
generator 11 is supplied to one of a pair of input terminals of a 
differential amplifier 21 (differential amplifier means) and a variable 
attenuator 22 (variable attenuator means). The variable attenuator 22 
is operative to attenuate the left channel signal SL to a predetermined 
attenuated level for producing an attenuated left channel signal SL'(a 
second audio signal) to be supplied to a low pass filter (LPF) 23 (low 
pass filter means). 

A cutoff frequency (fc) of the LPF 23 is selected to be not 
lower than 2kHz and not higher than 6kHz 9 for example, about 4kHz. The 
LPF 23 is operative to reduce high frequency components, for example, 
frequency components equal to or higher than 4kHz of the attenuated left 
channel signal SL 1 for producing a left channel signal SLL (a third 
audio signal) with reduced high frequency components to be supplied to 
the other of the pair of input terminals of the differential amplifier 
21. 

The differential amplifier 21 is operative to detect a 
difference between the left channel signal SL obtained from the audio 
signal generator 11 and the left channel signal SLL with reduced high 
frequency components obtained from the LPF 23 by means of operation for 
subtracting the left channel signal SLL from the left channel signal SL 
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for producing a left channel difference signal SLX (a fourth audio 
signal) corresponding to the difference between the left channel signal 
SL and the left channel signal SLL to be supplied to a power amplifier 
24. 

The left channel difference signal SLX thus obtained from the 
differential amplifier 21 has a 1 evel -frequency characteristic 
represented by, for example, a curve a, b, c or d shown in a 
characteristic diagram of Fig. 4 , in which a gain of a high frequency 
band portion is larger than that of a low frequency band portion. The 
curve a, b, c and d shown in the characteristic diagram of Fig. 4 are 
obtained in response to degrees of attenuation of the left channel 
signal SL in the variable attenuator 22. Such a change as to shift 
sequentially from the curve a to the curve b, the curve c and the curve 
d is brought about in response to increase in the degree of attenuation 
of the left channel signal SL in the variable attenuator 22. 

The power amplifier 24 is operative to amplify the left channel 
difference signal SLX in power for producing an amplified left channel 
difference signal SLO to be supplied to the left speaker 12 and thereby 
reproduced sound responding to the amplified left channel difference 
signal SLO, namely, reproduced sound based on the left channel signal SL 
is obtained from the left speaker 12. 

Meanwhile, the right channel signal SR obtained from the audio 
signal generator 11 is supplied to one of a pair of input terminals of 
a differential amplifier 25 (differential amplifier means) and a 
variable attenuator 26 (variable attenuator means). The variable 
attenuator 26 is operative to attenuate the right channel signal SR to 
a predetermined attenuated level for producing an attenuated right 
channel signal SR'(a second audio signal) to be supplied to a low pass 
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filter (LPF) 27 (low pass filter means), 

A cutoff frequency of the LPF 27 is also selected to be not 
lower than 2kHz and not higher than 6kHz, for example, about 4kHz. The 
LPF 27 is operative to reduce high frequency components, for example, 
frequency components equal to or higher than 4kHz of the attenuated 
right channel signal SR' for producing a right channel signal SRL (a 
third audio signal) with reduced high frequency components to be 
supplied to the other of the pair of input terminals of the differential 
ampl if ier 25. 

The differential amplifier 25 is operative to detect a 
difference between the right channel signal SR obtained from the audio 
signal generator 11 and the right channel signal SRL with reduced high 
frequency components obtained from the LPF 27 by means of operation for 
subtracting the right channel signal SRL from the right channel signal 
SR for producing a right channel difference signal SRX (a fourth audio 
signal) corresponding to the difference between the right channel 
signal SR and the right channel signal SRL to be supplied to a power 
ampl if ier 28. 

The right channel difference signal SRX thus obtained from the 
differential amplifier 28 has also a level -frequency characteristic 
represented by, for example, the curve a, b, c or d shown in the 
characteristic diagram of Fig. 4, in which the gain of the high 
frequency band portion is larger than that of the low frequency band 
portion. The curve a, b, c and d shown in the characteristic diagram 
of Fig. 4 are obtained in response to degrees of attenuation of the 
right channel signal SR in the variable attenuator 26. Such a change 
as to shift sequentially from the curve a to the curve b, the curve c 
and the curve d is brought about in response to increase in the degree 
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of attenuation of the right channel signal SR in the variable attenuator 
26. 

The power amplifier 28 is operative to amplify the right channel 
difference signal SRX in power for producing an amplified right channel 
difference signal SRO to be supplied to the right speaker 13 and 
thereby reproduced sound responding to the amplified right channel 
difference signal SRO, namely, reproduced sound based on the right 
channel signal SR is obtained from the right speaker 13. 

Since the left channel difference signal SLX has the level - 
frequency characteristic represented by, for example, the curve a, b, c 
or d shown in the characteristic diagram of Fig. 4, in which the gain 
of the high frequency band portion is larger than that of the low 
frequency band portion, as described above, a condition in which the 
listener listening to the reproduced sound obtained from the left and 
right speakers 12 and 13, for example, the driver 17 listens to the 
reproduced sound from the left speaker 12 as if the reproduced sound is 
obtained from a virtual left sound source positioned in front of and at 
a level higher than the actual position of the left speaker 12 as shown 
in Figs. 2 and 3 is set. In other words, such a condition that the 
listener listening to the reproduced sound obtained from the left and 
right speakers 12 and 13, for example, the driver 17 is able to 
recognize a virtual left sound source position 12' in front of and at 
the level higher than the actual position of the left speaker 12 as 
shown in Figs. 2 and 3 is established. 

The virtual left sound source position 12' recognized by the 
listener, such as the driver 17, can be determined by setting the 
degree of attenuation of the left channel signal SL in the variable 
attenuator 22 to be, for example, in front of the left side of the 
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driver 17 and at almost the eye level of the driver 17 so as to float 
over the dashboard of the vehicle as shown in Figs. 2 and 3. The 
virtual left sound source position 12' can be easily adjusted, 
especially in height, by changing the degree of attenuation of the left 
channel signal SL in the variable attenuator 22. 

Further, since the right channel difference signal SRX has also 
the level -frequency characteristic represented by, for example, the 
curve a, b, c or d shown in the characteristic diagram of Fig. 4, in 
which the gain of the high frequency band portion is larger than that 
of the low frequency band portion, as described above, a condition in 
which the listener listening to the reproduced sound obtained from the 
left and right speakers 12 and 13, for example, the driver 17 listens to 
the reproduced sound from the right speaker 13 as if the reproduced 
sound is obtained from a virtual right sound source positioned in front 
of and at a level higher than the actual position of the right speaker 
13 as shown in Figs. 2 and 3 is set. In other words, such a condition 
that the listener listening to the reproduced sound obtained from the 
left and right speakers 12 and 13, for example, the driver 17 is able 
to recognize a virtual right sound source position 13' in front of and 
at the level higher than the actual position of the right speaker 13 as 
shown in Figs. 2 and 3 is established. 

The virtual right sound source position 13' recognized by the 
listener, such as the driver 17, can be determined by setting the degree 
of attenuation of the right channel signal SR in the variable 
attenuator 26 to be, for example, in front of the right side of the 
driver 17 and at almost the eye level of the driver 17 so as to float 
over the dashboard of the vehicle as shown in Figs. 2 and 3. The 
virtual right sound source position 13' can be easily adjusted, 
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especially in height, by changing the degree of attenuation of the 
right channel signal SR in the variable attenuator 26. 

As described above, in the embodiment shown in Fig* 1, under a 
situation wherein the left and right speakers 12 and 13 are actually 
provided respectively on the left and right sides of the driver 17 sit 
down on the driver's seat of the vehicle to be the listener listening 
to the reproduced sound obtained from the left and right speakers 12 
and 13 and at the level positively lower than the eye level of the 
driver 17, the condition in which the driver 17 who is the listener 
listening to the reproduced sound obtained from the left and right 
speakers 12 and 13 is able to recognize the virtual left and right sound 
source positions 12' and 13' in front of and at the level higher than 
the actual positions of the left and right speakers 12 and 13 as shown 
in Figs. 2 and 3 is established by means of selecting the cutoff 
frequency of each of the LPFs 23 and 27 to be not lower than 2kHz and 
not higher than 6kHz, for example, about 4kHz and adjusting each of the 
variable attenuators 22 and 26 to attenuate the left or right channel 
signal SL or SR to the predetermined attenuated level. 

In such a case, the attenuation of the left channel signal SL in 
the variable attenuator 22 is so selected that the amplified left 
channel difference signal SLO supplied to the left speaker 12 is 
represented with an equation Eq-1 mentioned below and the attenuation of 
the right channel signal SR in the variable attenuator 26 is so 
selected that the amplified right channel difference signal SRO 
supplied to the right speaker 13 is represented with an equation Eq-2 
mentioned below. 

SLO = (LXARR(z) - R x ARL(z) ) / (ALL(z) x ARR(z) -ALR(z) XARL(z) ) 

■ - - ■ - Eq-1 
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SRO = (RXALL(z) - L X ALR(z) ) / (ALL(z) xARR(z) -ALR(z) X ARL(z) ) 

----- Eq-2 

In the equations Eq-1 and Eq-2, the following equations Eq-3 and 
Eq-4 are satisfied. 

L = SLXBLL(z)+SRXBRL(z) - - - - - Eq-3 
R = SLXBLR(z)+SRXBRR(z) ----- Eq-4 

The following definitions are applied to the equations Eq-l s Eq- 
2 5 Eq-3 and Eq-4. 

SL : Left channel signal 

SR : Right channel signal 

ALL(z) : Acoustic transfer function from the left speaker 12 to 
a left ear of the driver 17 as the listener as shown in Fig. 5. 

ALR(z) : Acoustic transfer function from the left speaker 12 to 
a right ear of the driver 17 as the listener as shown in Fig. 5. 

ARL(z) : Acoustic transfer function from the right speaker 13 to 
the left ear of the driver 17 as the listener as shown in Fig. 5. 

ARR(z) : Acoustic transfer function from the right speaker 13 to 
the right ear of the driver 17 as the listener as shown in Fig. 5. 

BLL(z) : Acoustic transfer function from the virtual left sound 
source position 12 l to the left ear of the driver 17 as the listener as 
shown in Fig. 5. 

BLR(z) : Acoustic transfer function from the virtual left sound 
source position 12' to the right ear of the driver 17 as the listener as 
shown in Fig. 5. 

BRL(z) : Acoustic transfer function from the virtual right sound 
source position 13' to the left ear of the driver 17 as the listener as 
shown in Fig. 5. 

BRR(z) : Acoustic transfer function from the virtual right sound 
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source position 13' to the right ear of the driver 17 as the listener 

as shown in Fig. 5. 

With the attenuation of the left channel signal SL in the 
variable attenuator 22 and the attenuation of the right channel signal 
SR in the variable attenuator 26 selected in the manner as mentioned 
above, the driver 17 who is the listener listening to the reproduced 
sound obtained from the left and right speakers 12 and 13 is able to 
recognize the virtual left and right sound source positions 12" and 13' 
in front of and at the level higher than the actual positions of the 
left and right speakers 12 and 13 under the situation wherein the left 
and right speakers 12 and 13 are actually provided respectively on the 
left and right sides of the driver 17 sit down on the driver's seat of 
the vehicle and at the level positively lower than the eye level of the 
driver 17. The virtual left and right sound source positions 12' and 
13' recognized by the driver 17 can be adjusted by changing the 
attenuation of the left channel signal SL in the variable attenuator 22 
and the attenuation of the right channel signal SR in the variable 
attenuator 26, respectively. Especially, each of the virtual left and 
right sound source positions 12" and 13' can be easily adjusted in 
height. 

Fig. 6 shows an embodied circuit diagram of a portion of the 
embodiment shown in Fig. 1, which includes the variable attenuator 22, 
the LPF 23 and the differential amplifier 21 or a portion of the 
embodiment shown in Fig. 1, which includes the variable attenuator 26, 
the LPF 27 and the differential amplifier 25. 

In the embodied circuit diagram shown in Fig. 6, a portion 32 
containing a variable resistor 31 constitutes the variable attenuator 22 
or 26, a portion 34 containing an operation amplifier 33 constitutes 
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the LPF 23 or 27, and a portion 36 containing an operation amplifier 35 
constitutes the differential amplifier 21 or 25. In the portion 36, the 
difference between the left channel signal SL and the left channel 
signal SLL or the difference between the right channel signal SR and the 
right channel signal SRL can be changed by changing a ratio of 
resistance of a resistor 37 through which the left channel signal SL or 
the right channel signal SR is supplied to one of a pair of input 
terminals of the operation amplifier 35 to resistance of a resistor 38 
through which the left channel signal SLL or the right channel signal 
SRL is supplied to the other of the pair of input terminals of the 
operation amplifier 35. Accordingly, the virtual left sound source 
position 12' or the virtual right sound source position 13' can be 
adjusted in height, for example, by changing the ratio of the 
resistance of the resistor 37 to the resistance of the resistor 38, in 
the same manner as changing the attenuation of the left channel signal 
SL in the variable attenuator 22 or the attenuation of the right 
channel signal SR in the variable attenuator 26. 

Each of the portion of the embodiment shown in Fig. 1, which 
includes the variable attenuator 22, the LPF 23 and the differential 
amplifier 21 and the portion of the embodiment shown in Fig. 1, which 
includes the variable attenuator 26, the LPF 27 and the differential 
amplifier 25, is relatively simplified in construction and obtained at 
low cost. Consequently, in the embodiment shown in Fig. 1, the 
condition in which the driver 17 who is the listener listening to the 
reproduced sound obtained from the left and right speakers 12 and 13 can 
recognize the virtual left and right sound source positions 12' and 13' 
in front of and at the level higher than the actual positions of the 
left and right speakers 12 and 13 is established with a circuit 
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structure containing the variable attenuators 22 and 26, the LPFs 23 and 
27, and the differential amplifiers 21 and 25, which is relatively 
simplified in construction and able to avoid or restrict increase in 
cost. 

Although the embodiment shown in Fig. 1 constitutes the acoustic 
apparatus for vehicle which is operative to obtain the reproduced sound 
based on the stereo audio signal containing the left and right channel 
signals SL and SR, the acoustic apparatus according to the present 
invention should not be limited to the apparatus for obtaining 
reproduced sound based on the stereo audio signal but may be constituted 
with an attenuator, a LPF and a differential amplifier for handling a 
monaural audio signal. Further, the acoustic apparatus according to 
the present invention is not always required to constitute the acoustic 
apparatus for vehicle but may be formed into various apparatus other 
than the acoustic apparatus for vehicle. 
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